I n a recent article in Pediatrics (1), Han and colleagues demonstrate a greater than two-fold increase in mortality during a 5-month period after the initiation of a computerized physician order entry (CPOE) system in a pediatric interhospital transport population at Children's Hospital of Pittsburgh. Although it is surprising that this intervention could have had such a profound effect on mortality, the authors do describe how the disruption of normal patient care procedures after the initiation of CPOE may have resulted in lethal delays in care. Although there is substantial documentation of the ability of CPOE systems to reduce medication errors in the inpatient and intensive care unit (ICU) settings, these benefits must be called into question if CPOE initiation increases mortality (2) (3) (4) (5) . The ways in which CPOE initiation may adversely effect patient care may include the disruption of workflow, human-machine interface errors, a loss of feedback, and information errors (1, 6, 7) . If these problems are inherent to CPOE, they would call into question the recent recommendations by the Leapfrog Group (8) and others for widespread implementation of CPOE.
As a quality-assurance project at Montefiore Medical Center (MMC), we examined whether a mortality increase comparable with that described by Han and colleagues (1) occurred in a similarly atrisk population during our CPOE initiation phase. To study a group of patients with similar baseline demographics, mortality rates, and potential vulnerability to the effects of CPOE, we reviewed the mortality experience of patients directly admitted to the neonatal and pediatric ICUs during two 6-month periods 1 and 2 yrs before CPOE initiation and one 6-month period immediately after. This study was approved by the MMC institutional review board.
MATERIALS AND METHODS
CPOE Implementation. MMC purchased the PHAMIS LastWord Online Medical Record System in 1995 (now GE Centricity, GE Healthcare, Slough, UK). At the time, LastWord was unique in its ability to handle a complex integrated medical system, such as MMC, which has two large campuses consisting of 1,047 hospital beds with Ͼ60,000 annual discharges. The system's initial implementation occurred from 1995 to 1997. This consisted of replacing 11 registration systems and assigning unique medical record numbers to each patient, bringing results online for all testing and computerizing all pharmacy functions, as well as all medical records coding and abstracting. During the next phase, workgroups consisting of physicians, nurses, pharmacists, and members of the health information management team were formed to perform workflow analysis and to ensure that Objective: A worrisome increase in mortality has been reported recently following the initiation of a computerized physician order entry (CPOE) system in a critically ill pediatric transport population. We tested the hypothesis that such a mortality increase did not occur after the initiation of CPOE in a pediatric population that was directly admitted to the neonatal and pediatric intensive care units at Montefiore Medical Center during two 6-month periods before CPOE and one 6-month period immediately after CPOE was initiated. Mortality in the pre-and post-CPOE time periods was compared, and adjustment for potentially confounding covariates was performed.
Setting: The pediatric and neonatal intensive care units at Montefiore Medical Center.
Patients: All patients admitted from the emergency room or operating room or as transfers from other institutions directly to the pediatric and neonatal intensive care units at Montefiore Medical Center.
Interventions: None.
Measurements and Main Results:
Overall, 29 (3.16%) of the 917 patients in the pre-CPOE period and nine (2.41%) of the 374 patients in the post-CPOE period died during their hospital stay (p ‫؍‬ .466). The power to detect the hypothesized mortality increase was 81.7%. The variables that remained significant risk factors for mortality after adjustment were shock (odds ratio, 9.41; 95% confidence interval, 2.90 -30.49), prematurity (odds ratio, 3.57; 95% confidence interval, 1.74 -7.30), male gender (odds ratio, 3.31; 95% confidence interval, 1.47-7.69), or a hematologic/oncologic diagnosis (odds ratio, 3.14; 95% confidence interval, 1.44 -6.86). Post-CPOE initiation status remained unassociated with mortality after adjusting for all covariates (odds ratio, 0.71; 95% confidence interval, 0.32-1.57).
Conclusion: Mortality did not increase during CPOE initiation. (Pediatr Crit Care Med 2007; 8:•••-•••)
KEY WORDS: pediatrics; computerized physician order entry; mortality the CPOE system was tailored to each specific patient care area. This phase required approximately 1 yr to complete.
Beginning in 1999, MMC units were brought into the system one at a time. Functionality included 100% CPOE and online charting for medication administration, vital signs, and additional flow sheet data. The CPOE functions included medication and nonmedication orders and unit-specific order sets, as well as electronic signing, review, audit, and renewal of all orders. No paper orders or charts were permitted once a unit was activated. This ensured that the entire care team was working from a single source of online data for all orders and resulting documentation. Before implementation, in-service training was performed in person and online in each unit. The curriculum included a 4-hr training session for all nurses and a 2-hr session for all physicians. For the first 3 wks of implementation, information technology specialists and specially trained pharmacists, nurses, and physicians were present at all times. Two such specialists were present in the ICUs studied at all times for the first week of implementation and one was present for the final 2 wks.
Because of the perceived vulnerability of the patient population and the complex weight-based nature of pediatric medication administration, CPOE was initiated in the neonatal and pediatric ICUs last. MMC personnel already had up to 3 yrs of experience with CPOE before it was brought to these units.
Patients. The study included all patients admitted directly from the delivery, emergency, or operating rooms, or as transfers from other institutions, to the neonatal ICU at MMC from Patients in the first two time periods from each unit were combined to form the pre-CPOE group, and patients in the last time period from each unit formed the post-CPOE group. Patients transferred to these units from other floors were excluded to ensure that the subjects in the pre-CPOE groups had not been exposed to CPOE on other floors and that the subjects in the post-CPOE groups were being exposed to CPOE for the first time. The time periods studied differed between units because CPOE initiation took place at different times in each unit. The time periods were chosen to avoid seasonal differences in the pre-and post-CPOE study periods. Additionally, the time periods studied were chosen because there were no major changes in terms of structure, administration, or staffing ratios in these units during these times.
Data Collection. Clinical information recorded in LastWord was retrospectively repli-
tality data, admission diagnoses were retrospectively collected and classified into one of 12 diagnostic categories via a uniform algorithm. Key personnel in the pediatric and neonatal ICUs during CPOE initiation, as well as the personnel responsible for coordinating the process, were also interviewed.
Statistical Analysis. Based on our hypothesis that mortality would not increase from 2.80% to 6.57% after CPOE implementation as described by Han and colleagues (1), we calculated that we would require 852 patients in the pre-CPOE group and 426 patients in the post-CPOE group to achieve 80% power.
Differences between patient groups were calculated by the Mann-Whitney U test for continuous data and by the chi-square or Fisher's exact tests for categorical data. Because of correlated data, generalized estimating equations with robust standard errors also were used to determine the significance levels of the differences among all groups. A purposeful selection logistic regression process (initially including all variables with p Ͻ .25) was used to determine which factors were independently associated with mortality (9). Data were analyzed using the STATA software program version 9.1 (StataCorp, College Station, TX).
RESULTS
There were 917 patient admissions in the pre-CPOE period and 374 patient admissions in the post-CPOE period. Overall, 29 (3.16%) patients admitted during the pre-CPOE period and nine (2.41%) patients admitted in the post-CPOE period died under MMC care (p ϭ .466). The mortality in the neonatal ICU was reduced from 6.49% to 5.93%, and the mortality in the pediatric ICU was reduced from 1.21% to 0.78%, but neither of these differences was statistically significant.
The demographic characteristics of patients in the pre-and post-CPOE periods are shown in Table 1 . The only statistically significant differences between the pre-and post-CPOE groups were that the latter had a higher percentage recorded as "other" race (18.7% vs. 12.2%) and a higher percentage of cardiac admission diagnoses (11.0% vs. 6.5%). The percentage of patients admitted to the neonatal ICU in the post-CPOE period was lower (31.6% vs. 37.0%) and their median age was greater (23.0 vs. 15.1 months), but these differences were not statistically significant.
The demographic characteristics of survivors and non-survivors are shown in Table 2 . As compared with survivors, non-survivors were younger by a statistically significant margin (median months, 0.018 vs. 19.8), more likely to be admitted to the neonatal ICU (76.3% vs. 34.2%), and more likely to be male (79.0% vs. 55.4%). They were more likely to have respiratory (57.9% vs. 27.8%), hematologic/oncologic (34.2% vs. 8.5%), infectious disease/immunologic (36.8% vs. 17.8%), or gastrointestinal/hepatic (34.2% vs. 13.8%) issues at admission diagnosis. They also were more likely to be diagnosed as being in shock (13.2% vs. 1.6%) or premature (50.0% vs. 17.4%) at admission. Because of collinearity with age, unit of admission was not included in the main logistic regression model. The variables that remained significant risk factors for mortality after logistic regression analysis and their associated odds ratios (ORs) are shown in Table 3 . These included shock (OR, 9.41), prematurity (OR, 3.57), male gender (OR, 3.31), or a hematologic/oncologic (OR, 3.14) diagnosis. Post-CPOE initiation status remained unassociated with mortality after adjusting for all covariates (OR, 0.71; 95% CI, 0.32-1.57). No significant interactions were detected in this model. There was no appreciable change in any of these analyses when generalized estimating equations were used. In addition, when a logistic-regression model was developed via purposeful selection that included unit of admission instead of age, CPOE initiation status remained unassociated with mortality (OR, 0.72; 95% CI, 0.32-1.63).
We interviewed key personnel who were still at MMC in 2006 and were present during the CPOE initiation periods in [2002] [2003] . Their memories of the experience were mixed. The first days of implementation were felt to be difficult and tedious, and the system was perceived as cumbersome and non-intuitive. Because of the complexity of the CPOE initiation, the period of on-site assistance was extended by 1-2 wks in the ICUs studied. Overall, however, it was felt that the process occurred without compromise to patient care, primarily because of the constant availability of live support from technicians, as well as pharmacists and other personnel who already were familiar with the system.
DISCUSSION
Because of the complexity of medical organizations, it is hard to understand why an intervention that is beneficial in one organization might be detrimental in another. This becomes particularly difficult to assess when the intervention examined is one as complex as the institution of a CPOE system. Factors that have been hypothesized to effect the outcomes of CPOE initiation include the organizational readiness for change, the project management, and the technical nature of the system (2, 10 -12) . In the ICU setting, the degree to which a CPOE system is customized to the needs of the ICU has been shown to be important (3). In the case of the CPOE initiation experience described by Han and colleagues (1) , all of these factors might have had adverse effects, because the system was implemented hospital-wide with little preparatory training, live technical support apparently was only briefly available, and workflow analysis was not performed to specifically tailor the system to each unit (1) .
The CPOE implementation experience at MMC was quite different. The preparatory phase took place during approximately 2 yrs rather than the 3 months described by Han and colleagues (1), the system was specifically tailored to the pediatric critically ill, the initiation phase included more extensive support and training, and the most vulnerable patient groups were involved only after extensive hospital-wide experience with the system. After adjusting for potentially confounding variables, our analysis of the MMC experience with CPOE initiation also had very different results. The change in peradmission mortality from 3.16% to 2.41% and the adjusted OR of 0.71 essentially rules out the experience reported by Han and colleagues (1) . This finding concurs with that of Del Becarro and colleagues (13) , who recently found no in- c data nonparametric and presented as median (interquartile range). 
